Journal of Clinical Anesthesia 99 (2024) 111565

Contents lists available at ScienceDirect

Journal of Clinical Anesthesia

ELSEVIER journal homepage: www.elsevier.com/locate/jclinane
Original Contribution ' :.)
Sex dependence of postoperative pulmonary complications — A post hoc

unmatched and matched analysis of LAS VEGAS

Tom D. Vermeulen, MD * ", Liselotte Hol, MD *, Pien Swart, BSc ", Michael Hiesmayr, MD, PhD ¢,
Gary H. Mills, MD, PhD ¢, Christian Putensen, MD, PhD ¢, Werner Schmid, MD, PhD ©/,

Ary Serpa Neto, MD, PhD »#" Paolo Severgnini, MD, PhD ', Marcos F. Vidal Melo, MD, PhD ¥,
Hermann Wrigge, MD, PhD bm Markus W. Hollmann, MD, PhD ?, Marcelo Gama de Abreu, MD,
PhD P9, Marcus J. Schultz, MD, PhD ™“"°, Sabrine N. Hemmes, MD, PhD *', David M. van
Meenen, MD, PhD ", For the LAS VEGAS Collaborators groupl”2

@ Amsterdam University Medical Center, Department of Anaesthesiology, Meibergdreef 9, 1105AZ Amsterdam, the Netherlands

b Amsterdam University Medical Center, Department of Intensive Care, Meibergdreef 9, 1105AZ Amsterdam, the Netherlands

¢ Medical University Vienna, Division Cardiac, Thoracic, Vascular Anaesthesia and Intensive Care, Waehringerguertel 18-20, A-1090 Vienna, Austria

4 Sheffield Teaching Hospitals, Sheffield and University of Sheffield, Operating Services, Critical Care and Anaesthesia, Royal Hallamshire Hospital, Broomhill, Glossop
Road, Sheffield S10 2JF, United Kingdom

€ University Hospital Bonn, Department of Anaesthesiology and Intensive Care Medicine, Venusberg-Campus 1, 53127 Bonn, Germany

f Medical University Vienna, Department of Special Anaesthesia and Pain Therapy, Waehringerguertel 18-20, A-1090 Vienna, Austria

8 Australian and New Zealand Intensive Care Research Centre (ANZIC-RC), Monash University, Department of Critical Care Medicine, 553 St Kilda Road, Melbourne,
VIC 3004, Australia

h Hospital Israelita Albert Einstein, Department of Critical Care, Av. Albert Einstein, 627/701 - Morumbi, Sao Paulo, SP 05652-900, Brazil

i University of Insubria - ASST Sette Laghi, Anestesia Rianimazione Cardiologica, Department of Biotechnologies and Sciences of Life, Viale Borri, 57-21100 Varese, VA,
Italy

J Massachusetts General Hospital, Department of Anaesthesia, Critical Care and Pain Medicine, 15 Parkman St, MA 02114 Boston, MA, USA

X Columbia University, Department of Anesthesiology, 622 W 168th St, NY 10032, New York, USA

! Bergmannstrost Hospital Halle, Department of Anaesthesiology, Intensive Care Medicine and Emergency Medicine, Pain Therapy, Merseburger Str. 165, 06112 Halle
(Saale), Germany

™ Martin—Luther—University of Halle—Wittenberg, Medical Faculty, 06108 Halle (Saale), Germany

™ University Hospital Carl Gustav Carus, Technical University Dresden, Department of Anaesthesiology and Intensive Care Medicine, Pulmonary Engineering Group,
Fetscherstrasse 74, 01307 Dresden, Germany

© Cleveland Clinic, Department of Intensive Care and Resuscitation, 9500 Euclid Avenue, OH 44195, Cleveland, USA

P Cleveland Clinic, Department of Outcomes Research, 9500 Euclid Avenue, OH 44195, Cleveland, USA

9 Cleveland Clinic, Department of Cardiothoracic Anaesthesia, 9500 Euclid Avenue, OH 44195, Cleveland, USA

¥ Mahidol University, Mahidol-Oxford Tropical Medicine Research Unit (MORU), 3rd Floor, 60th, Anniversary Chalermprakiat Building 420/6 Ratchawithi Road,
Ratchathewi District, Bangkok 10400, Thailand

* University of Oxford, Nuffield Department of Medicine, Campus, Henry Wellcome Building for Molecular Physiology, Old Road, Oxford OX3 7BN, United Kingdom
¢ The Netherlands Cancer Institute — Antoni van Leeuwenhoek Hospital, Department of Anaesthesiology, Plesmanlaan 121, 1066, CX, Amsterdam, the Netherlands

HIGHLIGHTS

o Sex is not associated to the incidence of postoperative pulmonary complications (PPCs) in a general surgical population.

e Matched for similar preoperative PPC risk and type of surgery, no relevant difference in PPC incidence was found between female and male patients.
e New invasive ventilation did occur less often in females in the unmatched analysis, but not in the matched analysis.

e Hospital mortality and length of stay was similar between the sexes.
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ABSTRACT

Study objective: Male sex has inconsistently been associated with the development of postoperative pulmonary
complications (PPCs). These studies were different in size, design, population and preoperative risk. We rean-
alysed the database of ‘Local ASsessment of Ventilatory management during General Anaesthesia for Surgery
study’ (LAS VEGAS) to evaluate differences between females and males with respect to PPCs.

Design, setting and patients: Post hoc unmatched and matched analysis of LAS VEGAS, an international observa-
tional study in patients undergoing intraoperative ventilation under general anaesthesia for surgery in 146
hospitals across 29 countries. The primary endpoint was a composite of PPCs in the first 5 postoperative days.
Individual PPCs, hospital length of stay and mortality were secondary endpoints. Propensity score matching was
used to create a similar cohort regarding type of surgery and epidemiological factors with a known association
with development of PPCs.

Main results: The unmatched cohort consisted of 9697 patients; 5342 (55.1%) females and 4355 (44.9%) males.
The matched cohort consisted of 6154 patients; 3077 (50.0%) females and 3077 (50.0%) males. The incidence in
PPCs was neither significant between females and males in the unmatched cohort (10.0 vs 10.7%; odds ratio
(OR) 0.93 [0.81-1.06]; P = 0.255), nor in the matched cohort (10.5 vs 10.0%; OR 1.05 [0.89-1.25]; P = 0.556).
New invasive ventilation occurred less often in females in the unmatched cohort. Hospital length of stay and
mortality were similar between females and males in both cohorts.

Conclusions: In this conveniently-sized worldwide cohort of patients receiving intraoperative ventilation under

general anaesthesia for surgery, the PPC incidence was not significantly different between sexes.
Registration: LAS VEGAS was registered at clinicaltrial.gov (study identifier NCT01601223).

1. Introduction

Sex is a patient characteristic that is often implemented in risk
classification tools in healthcare practices [1-3]. Sex differences in
medicine refer to the biological and physiological differences between
females and males that may impact how they respond to medical
treatments, therapies, or interventions [4,5]. Understanding these dif-
ferences could help tailoring treatments to patients’ unique needs and
potentially optimize outcomes [6,7]. In anaesthesia, many inequalities
have been reported between females and males [8].

Postoperative pulmonary complications (PPCs), even when mild, are
associated with increased length of hospital stay and mortality [9,10]. An
association between male sex and PPCs has been mentioned in uni-
variable [11,12] and multivariable regression [13,14], while other studies
did not detect a higher incidence of PPCs in males [15-17]. In addition,
it’s possible PPC composites do not differ between sexes, but individual
PPCs could. A better understanding of sex differences in PPCs could
possibly lead to improved risk classification tools, use of perioperative
lung protective strategies and early recognition and treatment of PPCs.

We hypothesized sex is associated with the development of PPCs.
However this is due to a difference in preoperative risk, rather than to
sex itself. To test this hypothesis, we used the database of a con-
veniently-sized study of intraoperative ventilation and PPCs, named
‘Local Assessment of VEntilatory management during General Anaes-
thesia for Surgery’ (LAS VEGAS) [18,19]. To evaluate the role of pre-
operative risk, we used propensity score matching to create similar
groups regarding type of surgery and epidemiological factors with a
known association to development of PPCs.

2. Materials and methods

Post hoc unmatched and matched analysis of LAS VEGAS [18,19], a
worldwide, prospective 1-week observational study describing intra-
operative ventilation management and postoperative complications in
the first five postoperative days in patients undergoing surgery in 146
centres in 29 countries. Patients were enrolled between 14 January and
4 March 2013. The study protocol of LAS VEGAS was first approved on
22 August 2012 by the ethics committee of the Academic Medical
Centre, Amsterdam, The Netherlands (W12_.190#12.17.0227, chair-
person Prof. M.P.M. Burger). If needed, approval was obtained from the
institutional review board in other centres, and depending on national
or regional legislation written informed consent was obtained from each
individual patient. LAS VEGAS was registered at clinicaltrials.gov (study

identifier NCT01601223). The statistical analysis plan for the current
analysis was predefined and approved by the LAS VEGAS steering
committee before data extraction. This report followed the guidelines
and recommendations of the ‘STrengthening the Reporting of OBser-
vational studies in Epidemiology’ (STROBE) statement (see Supple-
ment Table 1 in the supplementary material).

2.1. Inclusion and exclusion criteria

LAS VEGAS enrolled consecutive patients receiving invasive venti-
lation during general anaesthesia for surgery during a predefined cal-
endar week. Exclusion criteria of LAS VEGAS were: (1) age < 18 years,
(2) obstetric procedures, (3) procedures with cardiopulmonary bypass,
and (4) surgical procedures that were not performed in the operating
room. All patients in the original LAS VEGAS cohort were screened for
eligibility for the current analysis. We excluded patients having received
mechanical ventilation in the preceding month, and patients receiving
one lung ventilation for thoracic surgery. We also excluded patients with
an incomplete follow up with regard to PPCs.

2.2. Data recording and processing

The following data were collected in LAS VEGAS—baseline charac-
teristics and demographic data, including but not limited to sex, age,
body weight and height, American Society of Anaesthesiologists (ASA)
physical score, functional status, comorbidities, anaesthesia character-
istics and surgical characteristics; risk for PPCs, by means of the ‘Assess
Respiratory Risk in Surgical Patients in Catalonia’ (ARISCAT) risk score
for PPCs [13]; occurrence of predefined PPCs in the first 5 postoperative
days; and date of hospital discharge and life-status at hospital discharge
or day 28.

2.3. Endpoints

The primary endpoint was the occurrence of one or more PPCs in the
first 5 postoperative days in the unmatched analysis—a composite
endpoint including six individual PPCs, all as defined in Section 2.4
below. The occurrence of one individual PPC was defined as having met
the primary endpoint. Secondary endpoints were the incidence of indi-
vidual PPCs, hospital length of stay (LOS) and hospital mortality.
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2.4. Definitions

Sex was defined as sex assigned at birth, comprising a binary variable
and as recorded in the medical file of the respective participating center.
The composite of PPCs consisted of 1) unplanned supplementary oxygen
(oxygen administered due to PaOy < 8 kPa or SpO3 < 90% in room air,
but excluding oxygen supplementation given as standard care, e.g.
directly after arrival in the postanaesthetic care unit); 2) respiratory
failure (PaO; < 8 kPa or SpO3 < 90% despite oxygen therapy, or a need
for noninvasive ventilation; 3) unplanned new or prolonged invasive
mechanical ventilation (after discharge from the operating room); 4)
ARDS (defined according to the Berlin definition of ARDS) [20]; 5)
pneumonia (presence of a new or progressive radiographic infiltrate and
at least two of three clinical features; fever >38 °C or > 100.4 °F, leu-
cocytosis or leukopenia (white blood cell count >12,000 cells pl > or <
4000 cells pl’?’ and purulent secretions), and 6) pneumothorax (air in
the pleural space with no vascular bed surrounding the visceral pleura
on the chest radiograph).

2.5. Sample size calculation

No sample size calculation was performed for this analysis; the total
number of patients included in LAS VEGAS served as the sample size for
this analysis. A posthoc power calculation was performed for the pri-
mary endpoint.

2.6. Statistical analysis

Continuous variables are presented as medians with interquartile
range; categorical variables are expressed in numbers with percentages.
Descriptive statistics were used to compare patient demographics and
anaesthesia and surgical characteristics.

For all analyses, male patients were used as the reference. Female
patients were compared with male patients using an unpaired t-test or
Mann-Whitney U test for continuous variables. The incidence of PPCs
was compared between females and males using a Fisher’s exact test.
Hospital LOS was assessed using a Fine-Gray analysis considering death
before discharge as competing risk. Hospital mortality was compared
using a cox shared—frailty model with centre as shared frailty. Among
survivors, the risk of hospital discharge was compared using a cox
shared-frailty model with centre as shared frailty.

To create the matched cohort, a propensity score matching was
performed. For all patients a propensity score was estimated with lo-
gistic regression to quantify preoperative risk for developing PPCs.
Consequently, females were matched to male patients with a compara-
ble risk for PPCs. Baseline characteristics implemented in the propensity
score matching were chosen on clinical relevance, i.e. with a known
association with PPCs, but not on the causal pathway between sex and
PPCs. Variables included in the ARISCAT risk score were not incorpo-
rated in the model again. The propensity score model consisted of: the
ARISCAT risk score; type of surgery (excluding sex exclusive proced-
ures); functional status; smoking status at the time of surgery, and
presence of chronic comorbidities including chronic obstructive lung
disease, liver dysfunction, any neuromuscular disease affecting the
respiratory system, metastatic cancer, heart failure, chronic kidney
dysfunction and obstructive sleep apnoea. Missing data was imputed
using multiple imputation (5 computations, 5 iterations and pooled re-
sults, MICE package) if data was considered missing completely at
random and not exceeding 5% of all observations. A maximum calliper
of 0.15 was used with an additional calliper of 0.15 for the ARISCAT
score to ensure similar baseline risk for PPCs. The method of nearest
neighbour matching without replacement was applied in a 1:1 ratio.
Balance of covariates between groups was assessed using a LOVEplot
with standardized mean differences (SMD). Adequate balance between
covariates was defined as not exceeding 0.1 SMD.

Three post hoc sensitivity analyses have been performed to evaluate
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the association between sex and PPCs, consisting of 1) a multiple logistic
regression model in the unmatched cohort using the same covariates as
implemented in the propensity score model; 2) a multiple logistic
regression model in the unmatched cohort with the propensity score as
covariate and 3) a generalized linear mixed—effects model in the
matched cohort with the matched pairs as random effect.

All analyses were performed using R software 4.2.1. The posthoc
power analysis was performed using GPower version 3.1.9.7. A P-value
<0.05 was considered statistically significant. We applied a Bonferroni
correction for the six individual PPCs to address family wise error rate in
multiple comparisons, leading to a P — value <0.0083 as the threshold
for statistical significance.

3. Results

The original cohort of LAS VEGAS contained 10,520 patients (Fig. 1).
Main reasons for excluding patients for the current analysis were recent
ventilation and intraoperative one-lung ventilation for thoracic surgery.
After exclusion of patients with missing follow up, we were left with
9697 patients, 5342 females and 4355 males. In the unmatched cohort,
females were younger, shorter and weighted less than males (Table 1).
Females were assigned an ASA score of 1 and 2 more often than males,
and females had lower median ARISCAT risk scores. Females smoked
less frequently, and had comorbidities less often. Females underwent
elective surgeries more often, and duration of surgery was shorter.

The matched cohort contained 6154 patients; 3077 females and
3077 males. In the matched cohort, covariates were well balanced
(Supplement Fig. 1 and Table 1). Specifically, females had a median
ARISCAT risk score comparable to males.

3.1. Incidence of PPCs

In the unmatched analysis, the incidence of PPCs in females was
similar to males (10.0 vs 10.7%, OR 0.93 [0.81-1.06], P = 0.255)
(Table 2), females experienced new invasive ventilation less often (P =
0.008) In the matched analysis, the incidence of PPCs was also similar
between the sexes (10.5 vs 10.0%, OR 1.05 [0.89-1.25], P = 0.556)
(Table 2). There were also no relevant differences in the individual PPCs
between the sexes.

3.2. Hospital LOS and mortality

In the unmatched analysis, females had a shorter median hospital
LOS in days. The female hazard ratio for discharge with death as
competing risk, and the hazard ratio for discharge among surviving
patients was not statistically significant. Hospital mortality was not
different between the sexes (Table 3 and Fig. 2). In the matched analysis,
surviving females were more likely to get discharged than surviving
males. Mortality differences were not statistically significant between
females and males (Table 3 and Fig. 3).

3.3. Post hoc power analysis and sensitivity analyses

The three post hoc sensitivity analyses did not change the findings
(Supplement Table 3-5). We considered a relative risk reduction of
14.4% for PPCs in females clinically relevant, corresponding to an ab-
solute risk reduction of 1.5%. Considering the total PPC incidence in LAS
VEGAS of 10.4% [18], with the unmatched cohort sample size of 9697
patients, an a of 0.05, a female to male ratio of 1.23, the post—hoc power
analysis showed that we had 90% power to detect this difference.

4. Discussion
The results of this post hoc unmatched and matched analysis of LAS

VEGAS can be summarized as follows: (1) in the unmatched analysis,
there was no clinically relevant difference in PPC incidence between
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females and males, albeit that new invasive ventilation was less often
seen in females; (2) in the analysis matched for epidemiological factors
with a known association with development of PPCs and type of surgery,
the composite and individual incidence of PPCs remained similar be-
tween females and males; and (3) there were no major differences in
hospital LOS and mortality between the sexes, both in the unmatched
and in the matched cohort.

This analysis has several strengths. LAS VEGAS was an international
and multicentre study in both low and high income countries, performed
in both academic and non — academic hospitals, and in teaching and
non — teaching centres, increasing the generalizability of our findings.
LAS VEGAS included a large variety of procedures which also helps our
understanding of sex differences in outcome of surgery. The large
sample size allowed for sophisticated analyses and precise estimation
and control for confounding factors. We also conducted multiple sensi-
tivity analyses to evaluate our findings. We used the criteria for PPCs as
in the original publication. The statistical analysis plan was predefined
and strictly followed, preventing any bias.

The findings of our study challenge what was found in previous in-
vestigations [11-14]. Of note, these studies were all different in pre-
operative risk for PPCs, size, design and patient populations. The studies
also used distinct definitions and composites of PPCs. Nevertheless,
opposite to what was found in those studies we show no clinically
relevant difference in the incidence of PPCs between females and males.
In one of those previous studies conducted in Italy, the odds of male
patients developing PPCs in multivariable analysis was reported to be
nearly three times higher [14]. In two other studies male sex was

219 centres expressed
interest in LAS VEGAS

Journal of Clinical Anesthesia 99 (2024) 111565

associated with PPCs in a German population of oral and maxillofacial
surgery [11] and in a Korean population undergoing a variety of pro-
cedures [12]. These associations were however only found in uni-
variable regression. In the fourth study an association of male sex with
PPCs was observed in multivariable analysis in a variety of procedures in
Spain [13]. The ARISCAT risk score for PPCs is derived from this study, a
limitation was the sample size not being sufficient for all variables that
were put into the model. Hence, bootstrap sampling was used as a
validation tool and male sex was not present as predictor in >80% of the
samples. This did not necessarily mean male sex was not associated to
PPCs, as this would need a larger sample to prove. Our analysis suggests
PPC risk scores should indeed not include male sex as predictor. We
believe that our approach of directly comparing the incidences of PPCs
between the sexes in an unmatched analysis, and in matched analysis
mitigating the effect of baseline PPC risk and type of surgery, is a better
way to investigate associations of sex with this important outcome.

The findings of our study align more with previous investigations,
which also found no association of sex with PPCs after various types of
surgery [15-17]. It must be recognized that the design of these studies
also differed from ours. While we did detect a lower incidence of the
individual PPC new invasive ventilation among females in the un-
matched analysis, this was not found in the matched analysis, suggesting
this could be due to preoperative PPC risk and type of surgery instead of
female sex itself.

Prior studies consistently show that females receive more often
ventilation with a too high tidal volume (V1) compared to males, both in
critical care settings [21-24] and operating rooms [25-28]. Since

73 centres excluded
16 no IRB approval

h 4

146 centres participated
in LAS VEGAS

h 4

10520 patients enrolled
in LAS VEGAS

13 no time
44 other reason or no reason provided

823 patients excluded
354 recently ventilated

¥

9697 patients eligible for
current analysis

302 thoracic surgery
167 patients with missing data on PPCs

!

5342 unmatched
females

I

3077 matched
females

!

4355 unmatched
males

i

3077 matched
males

Fig. 1. CONSORT flowchart.
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Table 1
Patient characteristics unmatched and matched cohorts.
unmatched cohort matched cohort
female patients male patients P SMD female patients male patients p SMD
N = 5342 N = 4355 N = 3077 N = 3077
Demographics
age, years (median [IQR]) 52 [39-64] 55 [40-671 <0.001 0.104 54 [41-66] 55 [39-67] 0.872 0.015
height, cm (median [IQR]) 162 [156-168] 174 [168-180] <0.001 0.214 162 [156-168] 175 [168-180] <0.001 0.263
weight, kg (median [IQR]) 69 [59-80] 80 [70-92] <0.001 0.436 69 [59-80] 81 [71-93] <0.001 0.496
BMI, kg/m? (median [IQR]) 26 [23-30] 27 [24-30] <0.001 0.009 26 [23-30] 27 [24-30] <0.001 0.002
ARISCAT risk score (median [IQR]) 15 [3-26] 16 [3-27] 0.270 0.035 15 [3-26] 15 [3-26] 0.855 0.002
ARISCAT risk score group, n (%) <0.001 0.090 0.993 0.003
low, < 26 3766 (73.5) 2909 (69.5) 2242 (72.9) 2239 (72.8)
intermediate, 26-45 1132 (22.1) 1052 (25.1) 690 (22.4) 694 (22.6)
high, > 45 224 (4.4) 224 (5.4) 145 (4.7) 144 (4.7)
ASA group, n (%) <0.001 0.162 0.071 0.073
ASA 1 1685 (31.6) 1248 (28.7) 858 (27.9) 943 (30.7)
ASA 2 2668 (50.1) 2018 (46.4) 1522 (49.5) 1422 (46.3)
ASA 3 897 (16.8) 982 (22.6) 635 (20.7) 645 (21.0)
ASA 4 73 (1.4) 95 (2.2) 55 (1.8) 61 (2.0)
ASA'5 4(0.1) 4(0.1) 2(0.1) 1 (0.0)
Functional status, n (%) 0.213 0.036 0.104 0.055
independent 4953 (92.8) 4000 (91.9) 2792 (90.7) 2836 (92.2)
partially dependent 324 (6.1) 285 (6.6) 250 (8.1) 206 (6.7)
totally dependent 63 (1.2) 66 (1.5) 35 (1.1) 35 (1.1)
Smoker, yes, n (%) 993 (18.6) 1255 (28.8) <0.001 0.242 687 (22.3) 699 (22.7) 0.737 0.009
Comorbidities, yes, n (%)
COPD 259 (4.8) 329 (7.6) <0.001 0.112 198 (6.4) 189 (6.1) 0.674 0.012
heart failure 285 (5.3) 289 (6.6) 0.007 0.055 187 (6.1) 180 (5.8) 0.747 0.010
metastatic cancer 188 (3.5) 200 (4.6) 0.008 0.054 132 (4.3) 126 (4.1) 0.751 0.010
chronic kidney dysfunction 124 (2.3) 183 (4.2) <0.001 0.106 105 (3.4) 111 (3.6) 0.729 0.011
obstructive sleep apnoea 91 (1.7) 114 (2.6) 0.002 0.063 77 (2.5) 65 (2.1) 0.350 0.026
liver dysfunction 30 (0.6) 67 (1.5) <0.001 0.096 23(0.7) 15 (0.5) 0.254 0.033
neuromuscular disease” 50 (0.9) 37 (0.8) 0.667 0.009 39 (1.3) 30 (1.0) 0.333 0.028
Type of surgery, n (%)
neurological, head and neck 949 (17.8) 1027 (23.6) <0.001 0.144 799 (26.0) 826 (26.8) 0.452 0.020
bone, joint, trauma, spine 725 (13.6) 837 (19.2) <0.001 0.153 673 (21.9) 605 (19.7) 0.035 0.055
urological and kidney 209 (3.9) 635 (14.6) <0.001 0.375 196 (6.4) 207 (6.7) 0.606 0.014
lower GI 478 (8.9) 595 (13.7) <0.001 0.149 429 (13.9) 438 (14.2) 0.769 0.008
upper GI, hepatobiliary, pancreas 762 (14.3) 578 (13.3) 0.164 0.029 492 (16.0) 493 (16.0) 1.000 0.001
plastic, cutaneous and breast 777 (14.5) 243 (5.6) <0.001 0.301 240 (7.8) 230 (7.5) 0.666 0.012
other 241 (4.5) 331 (7.6) <0.001 0.130 219 (7.1) 238 (7.7) 0.382 0.024
vascular 102 (1.9) 206 (4.7) <0.001 0.158 92 (3.0) 103 (3.3) 0.467 0.021
aortic 8(0.1) 56 (1.3) <0.001 0.135 7 (0.2) 9(0.3) 0.803 0.013
endocrine 149 (2.8) 41 (0.9) <0.001 0.137 38 (1.2) 39 (1.3) 1.000 0.003
transplant 12 (0.2) 21 (0.5) 0.035 0.043 12 (0.4) 11 (0.4) 1.000 0.005
Gynaecological” 1113 (20.8) - - — - — — -
Urgency of surgery, n (%) <0.001 0.080 0.978 0.006
elective 4821 (90.3) 3821 (87.8) 2713 (88.2) 2707 (88.0)
urgent 404 (7.6) 412 (9.5) 286 (9.3) 291 (9.5)
emergency 116 (2.2) 121 (2.8) 78 (2.5) 79 (2.6)
Planned duration of surgery, minutes (median [IQR]) 70 [41-120] 75 [42-132] <0.001 0.114 70 [40-116] 70 [40-125] 0.014 0.078

Data presented as median with interquartile range (25th to 75th quartile) or % (n/total).
Abbreviations: SMD, standardized mean difference; BMI, body mass index; ARISCAT, Assess Respiratory Risk in Surgical Patients in Catalonia; ASA, American Society
of Anaesthesiology physical status score; COPD, chronic obstructive pulmonary disease, GI = gastrointestinal.

# Any neuromuscular disease affecting the respiratory system.

> Gynaecological surgery patients were excluded before matching.

Table 2
Incidence of PPCs in unmatched and matched cohorts.
unmatched cohort matched cohort
female patients male patients p OR [95% CI] female patients male patients p OR [95% CI]
N = 5342 N = 4355 N = 3077 N = 3077
Any PPC, n (%) 536 (10.0) 468 (10.7) 0.255 0.93 [0.81-1.06] 322 (10.5) 307 (10.0) 0.556 1.05 [0.89-1.25]
unplanned supplementary oxygen 459 (8.6) 367 (8.4) 0.798 1.02 [0.88-1.18] 271 (8.8) 241 (7.8) 0.181 1.14 [0.94-1.37]
respiratory failure 71 (1.3) 85 (2.0) 0.018 0.68 [0.49-0.94] 48 (1.6) 56 (1.8) 0.489 0.85 [0.57-1.28]
new invasive ventilation 45 (0.8) 62 (1.4) 0.008 0.59 [0.39-0.88] 32 (1.0) 39 (1.3) 0.474 0.82 [0.50-1.34]
pneumonia 15 (0.3) 25 (0.6) 0.026 0.49 [0.24-0.96] 10 (0.3) 15 (0.5) 0.423 0.67 [0.27-1.59]
pneumothorax 5(0.1) 8(0.2) 0.271 0.51 [0.13-1.77] 4(0.1) 5(0.2) 1.000 0.80 [0.16-3.72]
ARDS 3(0.1) 6 (0.1) 0.315 0.41 [0.07-1.91] 2(0.1) 4(0.1) 0.687 0.50 [0.05-3.49]

PPC = Postoperative pulmonary complication; ARDS = Acute respiratory distress syndrome; OR = odds ratio; CI = confidence interval.
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Table 3

Length of hospital stay, hospital discharge and hospital mortality in unmatched and matched cohorts.
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unmatched cohort

matched cohort

female patients  male p OR [95% CI] female patients  male P OR [95% CI]
N = 5342 patients N = 3077 patients
N = 4355 N = 3077
Length of hospital stay, days (median [IQR]) 1 [0-4] 2 [0-5] 0.012 - 1[0-4] 1 [0-4] 0.224
hazard ratio for discharge with death as 1.40 — 0.260 — 1.15 - 0.710
competing risk” [95% CI] [0.78-2.51] [0.56-2.35]
hazard ratio for discharge among survivors” 1.04 - 0.120 — 0.94 - 0.039
[95% CI] [0.99-1.09] [0.89-1.00]
Hospital mortality, n (%) 23 (0.5) 28 (0.7) 0.160 0.67 14 (0.5) 19 (0.7) 0.388 1.37
P 1y, % : ‘ : [0.37-1.21] ‘ : ‘ [0.65-2.96]
b 0.74 0.82
hazard ratio” [95% CI] [0.41-1.34] - 0.320 - [0.40-1.68] - 0.590
OR = odds ratio; CI = confidence interval; IQR = interquartile range;
@ A Fine—Gray competing risk analysis was used.
b A cox shared—frailty model with centre as shared frailty was used.
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intraoperative ventilator settings, including Vr, are considered to be
modifiable factors associated with PPCs [29], the current findings may
seem surprising. Here, several aspects need to be considered. First, while
critically ill females with ARDS receive more ventilation with a too high
Vr, outcome seems only be worse when ARDS is severe [22]. Second,
ventilation with a lower V1 may only be beneficial in ARDS patients with

a low respiratory compliance, i.e., in patients with a low end-expiratory
lung volume, while in ARDS patients with a higher or normal compli-
ance it may worsen outcome, in particular when it is accompanied by a
rise in the respiratory rate [30]. These findings may hold value for in the
operating room, e.g., in patients that undergo intraoperative ventilation
during general anaesthesia for minimally invasive or robotic-assisted



T.D. Vermeulen et al.

abdominal surgery. Pneumoperitoneum and the at times extreme
Trendelenburg positioning will reduce end-expiratory lung volume
[31], increasing the importance of using a lower Vr in that setting, in
females and males. This suggestion is supported by another study
demonstrating that the injurious effect of high Vr in the operating room
is mediated by respiratory system elastance [32].

Our analysis has limitations. First, we could only assess PPCs that
were collected as part of the original study [18]. In that study, only PPCs
that could be captured as part of standard care were collected, limiting
the generalizability of our results to PPCs we did not include. There is
also no universally used and acceptable composite for PPCs, but the most
recent consensus paper suggested to include a factor of severity in PPC
reporting [33], which we did by reporting individual PPC incidences.
Second, our findings might not be relevant to all patient groups. We
excluded children, pregnant women, and patients undergoing specific
surgeries from our analysis, so our results may not apply to them. Third,
LAS VEGAS originated in 2013 [18]. Since then, there have been
changes in how surgeries and anaesthesia are performed, such as the use
of minimally invasive techniques and possibly alterations in intra-
operative ventilation practices. These changes might have reduced the
occurrence of complications and could thus affect the applicability of
our findings. Fourth, despite our careful statistical analysis, there is al-
ways a chance that factors we did not consider might have influenced
our findings. Due to the nature of observational studies, causality cannot
be determined. It is important to note that propensity score matching
carries the risk of concealing genuine distinctions between groups.
Hence, these results should be interpreted as hypothesis generating and
should not be considered as replacement of the findings from random-
ized controlled trials. Fifth, a sample size calculation was not performed,
but we performed a post—hoc power calculation that showed our sample
size was sufficient to detect what we defined as a clinically relevant
difference. At last, our findings cannot estimate the direct effect of sex on
PPCs [8,34,35]. The measured patient characteristics occur after the
determination of sex. Therefore, the effect of sex obtained after adjust-
ment for these characteristics is no longer the total effect of sex on the
outcome, nor can the effect be interpreted as a direct effect [8]. Our
results are exploratory and describe the association between sex and
PPCs in a general surgical cohort, after which these findings are evalu-
ated in a matched cohort in which the type of surgery and baseline PPC
risk is similar.

5. Conclusions

Sex does not appear to correlate with PPCs, length of stay in hospital,
and mortality in a general surgical population. Future investigations on
sex-related disparities in PPCs should focus on subgroups at increased
risk for PPCs, and maybe also on cohorts wherein it is difficult to apply
protective intraoperative ventilation.

Authors statement

We would like to refer to the revised manuscript section 6 at page 18
line 380-391 for the details of all author’s contributions.

Funding

LAS VEGAS was endorsed and partly funded by a research grant from
the European Society of Anaesthesiology through their Clinical Trial
Network. There was no additional funding for this analysis.

CRediT authorship contribution statement

Tom D. Vermeulen: Writing — review & editing, Writing — original
draft, Visualization, Project administration, Methodology, Investigation,
Formal analysis, Data curation, Conceptualization. Liselotte Hol:
Writing — original draft, Conceptualization. Pien Swart: Methodology,

Journal of Clinical Anesthesia 99 (2024) 111565

Conceptualization. Michael Hiesmayr: Writing — review & editing,
Project administration, Conceptualization. Gary H. Mills: Writing —
review & editing, Project administration, Conceptualization. Christian
Putensen: Writing — review & editing, Project administration,
Conceptualization. Werner Schmid: Writing — review & editing, Project
administration, Conceptualization. Ary Serpa Neto: Writing — review &
editing, Supervision, Project administration, Methodology, Conceptu-
alization. Paolo Severgnini: Writing — review & editing, Project
administration, Conceptualization. Marcos F. Vidal Melo: Writing —
review & editing, Project administration, Conceptualization. Hermann
Wrigge: Writing — review & editing, Project administration, Conceptu-
alization. Markus W. Hollmann: Writing — review & editing, Supervi-
sion, Project  administration, Methodology, Investigation,
Conceptualization. Marcelo Gama de Abreu: Writing — review &
editing, Project administration, Conceptualization. Marcus J. Schultz:
Writing — review & editing, Writing — original draft, Supervision, Re-
sources, Project administration, Methodology, Investigation, Funding
acquisition, Conceptualization. Sabrine N. Hemmes: Writing — review
& editing, Supervision, Project administration, Methodology, Investi-
gation, Funding acquisition, Conceptualization. David M. van Meenen:
Writing — review & editing, Writing — original draft, Supervision, Project
administration, Methodology, Investigation, Formal analysis,
Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

We are indebted to all participating research nurses, nurse anaes-
thetists, surgeons, other physicians, and our patients who made LAS
VEGAS possible.

We particularly wish to acknowledge Brigitte Leva, Sandrine Dam-
ster, and Benoit Plichon from the Clinical Trial Network of the European
Society of Anaesthesiology for their expertise and professional help in
coordinating LAS VEGAS and cleaning the data. Without any of the
aforementioned, LAS VEGAS would not have been possible.

All members of the Steering Committee contributed to the design and
conduct of LAS VEGAS. The members of the LAS VEGAS Steering
Committee and Collaborators can be found below and in the supple-
mentary material.

LAS VEGAS collaborators: Wolfgang Kroell, Helfried Metzler, Gerd
Struber, Thomas Wegscheider, Hans Gombotz, Michael Hiesmayr, Werner
Schmid, Bernhard Urbanek, David Kahn, Mona Momeni, Audrey Pospiech,
Fernande Lois, Patrice Forget, Irina Grosu, Jan Poelaert, Veerle van Mosse-
velde, Marie-Claire van Malderen, Dimitri Dylst, Jeroen van Melkebeek,
Maud Beran, Stefan de Hert, Luc De Baerdemaeker, Bjorn Heyse, Jurgen Van
Limmen, Piet Wyffels, Tom Jacobs, Nathalie Roels, Ann De Bruyne, Stijn van
de Velde, Brigitte Leva, Sandrine Damster, Benoit Plichon, Marina Juros-
Zovko, Dejana Djonovic-Omanovic, Selma Pernar, Josip Zunic, Petar Mis-
kovic, Antonio Zilic, Slavica Kvolik, Dubravka Ivic, Darija Azenic-Venzera,
Sonja Skiljic, Hrvoje Vinkovic, Ivana Oputric, Kazimir Juricic, Vedran
Frkovic, Jasminka Kopic, Ivan Mirkovic, Nenad Karanovic, Mladen Careyv,
Natasa Dropulic, Jadranka Pavicic Saric, Gorjana Erceg, Matea Bogdanovic
Dvorscak, Branka Mazul-Sunko, Anna Marija Pavicic, Tanja Goranovic,
Branka Maldini, Tomislav Radocaj, Zeljka Gavranovic, Inga Mladic-Batin-
ica, Mirna Sehovic, Petr Stourac, Hana Harazim, Olga Smekalova, Martina
Kosinova, Tomas Kolacek, Kamil Hudacek, Michal Drab, Jan Brujevic,
Katerina Vitkova, Katerina Jirmanova, Ivana Volfova, Paula Dzurnakova,
Katarina Liskova, Radovan Dudas, Radek Filipsky, Samir El Kafrawy,
Hisham Hosny Abdelwahab, Tarek Metwally, Ahmed Abdel-Razek, Ahmed
Mostafa El-Shaarawy, Wael Fathy Hasan, Ahmed Gouda Ahmed, Hany
Yassin, Mohamed Magdy, Mahdy Abdelhady, Mohamed Mahran, Eiko



T.D. Vermeulen et al.

Herodes, Peeter Kivik, Juri Oganjan, Annika Aun, Alar Sormus, Kaili Sar-
apuu, Merilin Mall, Juri Karjagin, Emmanuel Futier, Antoine Petit, Adeline
Gerard, Emmanuel Marret, Marc Solier, Samir Jaber, Albert Prades, Jens
Krassler, Simone Merzky, Marcel Gama de Abreu, Christopher Uhlig,
Thomas Kiss, Anette Bundy, Thomas Bluth, Andreas Gueldner, Peter Spieth,
Martin Scharffenberg, Denny Tran Thiem, Thea Koch, Tanja Treschan,
Maximilian Schaefer, Bea Bastin, Johann Geib, Martin Weiss, Peter Kien-
baum, Benedikt Pannen, Andre Gottschalk, Mirja Konrad, Diana West-
erheide, Ben Schwerdtfeger, Hermann Wrigge, Philipp Simon, Andreas Reske,
Christian Nestler, Dimitrios Valsamidis, Konstantinos Stroumpoulis, Georgios
Antholopoulos, Antonis Andreou, Dimitris Karapanos, Kassiani Theodoraki,
Georgios Gkiokas, Marios-Konstantinos Tasoulis, Tatiana Sidiropoulou,
Foteini Zafeiropoulou, Panagiota Florou, Aggeliki Pandazi, Georgia Tsaousi,
Christos Nouris, Chryssa Pourzitaki, Dmitri Bystritski, Reuven Pizov, Arieh
Eden, Caterina Valeria Pesce, Annamaria Campanile, Antonella Marrella,
Salvatore Grasso, Michele De Michele, Francesco Bona, Gianmarco Giaco-
letto, Elena Sardo, Luigi Giancarlo, Vicari Sottosanti, Maurizio Solca, Carlo
Alberto Volta, Savino Spadaro, Marco Verri, Riccardo Ragazzi, Roberto
Zoppellari, Gilda Cinnella, Pasquale Raimondo, Daniela La Bella, Lucia
Mirabella, Davide D’antini, Paolo Pelosi, Alexandre Molin, Iole Brunetti,
Angelo Gratarola, Giulia Pellerano, Rosanna Sileo, Stefano Pezzatto, Luca
Montagnani, Laura Pasin, Giovanni Landoni, Alberto Zangrillo, Luigi
Beretta, Ambra Licia Di Parma, Valentina Targia, Roberto Dossi, Marta
Eugenia Sassone, Daniele Sances, Stefano Tredici, Gianluca Spano, Gianluca
Castellani, Luigi Delunas, Sopio Peradze, Marco Venturino, Ines Arpino, Sara
Sher, Concezione Tommasino, Francesca Rapido, Paola Morelli, Maria
Vargas, Giuseppe Servillo, Andrea Cortegiani, Santi Maurizio Raineri,
Francesca Montalto, Vincenzo Russotto, Antonino Giarratano, Marco
Baciarello, Michela Generali, Giorgia Cerati, Yigal Leykin, Filippo Bressan,
Vittoria Bartolini, Lucia Zamidei, Luca Brazzi, Corrado Liperi, Gabriele
Sales, Laura Pistidda, Paolo Severgnini, Elisa Brugnoni, Giuseppe Musella,
Alessandro Bacuzzi, Dalip Muhardri, Agreta Gecaj-Gashi, Fatos Sada, Adem
Bytyqi, Aurika Karbonskiene, Ruta Aukstakalniene, Zivile Teberaite, Erika
Salciute, Renatas Tikuisis, Povilas Miliauskas, Sipylaite Jurate, Egle Kon-
trimaviciute, Gabija Tomkute, John Xuereb, Maureen Bezzina, Francis Jo-
seph Borg, Sabrine Hemmes, Marcus Schultz, Markus Hollmann, Irene
Wiersma, Jan Binnekade, Lieuwe Bos, Christa Boer, Anne Duvekot, Bas In ’t
Veld, Alice Werger, Paul Dennesen, Charlotte Severijns, Jasper De Jong, Jens
Hering, Rienk van Beek, Stefan Ivars, Ib Jammer, Alena Breidablik, Katha-
rina Skirstad Hodt, Frode Fjellanger, Manuel Vico Avalos, Jannicke Mellin-
Olsen, Elisabeth Andersson, Amir Shafi-Kabiri, Ruby Molina, Stanley Wutai,
Erick Morais, Gloria Tareco, Daniel Ferreira, Joana Amaral, Maria de
Lurdes Goncalves Castro, Susana Cadilha, Sofia Appleton, Suzana Parente,
Mariana Correia, Diogo Martins, Angela Monteirosa, Ana Ricardo, Sara
Rodrigues, Lucian Horhota, Ioana Marina Grintescu, Liliana Mirea, Ioana
Cristina Grintescu, Dan Corneci, Silvius Negoita, Madalina Dutu, Ioana
Popescu Garotescu, Daniela Filipescu, Alexandru Bogdan Prodan, Gabriela
Droc, Ruxandra Fota, Mihai Popescu, Dana Tomescu, Ana Maria Petcu,
Marian Irinel Tudoroiu, Alida Moise, Catalin-Traian Guran, Iorel Gherghina,
Dan Costea, Iulia Cindea, Sanda-Maria Copotoiu, Ruxandra Copotoiu,
Victoria Barsan, Zsolt Tolcser, Magda Riciu, Septimiu Gheorghe Moldovan,
Mihaly Veres, Alexey Gritsan, Tatyana Kapkan, Galina Gritsan, Oleg Kor-
olkov, Alexander Kulikov, Andrey Lubnin, Alexey Ovezov, Pavel Prokoshev,
Alexander Lugovoy, Natalia Anipchenko, Andrey Babayants, Irina Komis-
sarova, Karginova Zalina, Valery Likhvantsev, Sergei Fedorov, Aleksandra
Lagukic, Jasmina Pejakovic, Dunja Mihajlovic, Zuzana Kusnierikova, Maria
Zelinkova, Katarina Bruncakova, Lenka Polakovicova, Villiam Sobona,
Barbka Novak-Supe, Ana Pekle-Golez, Miroljub Jovanov, Branka Strazisar,
Jasmina Markovic-Bozic, Vesna Novak-Jankovic, Minca Voje, Andriy Gry-
nyuk, Ivan Kostadinov, Alenka Spindler-Vesel, Victoria Moral, Mari Carmen
Ungzueta, Carlos Puigbo, Josep Fava, Jaume Canet, Enrique Moret, Monica
Rodriguez Nunez, Mar Sendra, Andrea Brunelli, Frederic Rodenas, Pablo
Monedero, Francisco Hidalgo Martinez, Maria Jose Yepes Temino, Antonio
Martinez Simon, Ana de Abajo Larriba, Alberto Lisi, Gisela Perez, Raquel
Martinez, Manuel Granell, Jose Tatay Vivo, Cristina Saiz Ruiz, Jose Antonio
de Andreés Ibanez, Ernesto Pastor, Marina Soro, Carlos Ferrando, Mario

Journal of Clinical Anesthesia 99 (2024) 111565

Defez, Cesar Aldecoa Alvares-Santullano, Rocio Perez, Jesus Rico, Monir
Jawad, Yousif Saeed, Lars Gillberg, Zuleyha Kazak Bengisun, Baturay Kansu
Kazbek, Nesil Coskunfirat, Neval Boztug, Suat Sanli, Murat Yilmaz, Necmiye
Hadimioglu, Nuzhet Mert Senturk, Emre Camci, Semra Kucukgoncu, Zerrin
Sungur, Nukhet Sivrikoz, Serpil Ustalar Ozgen, Fevzi Toraman, Onur Selvi,
Ozgur Senturk, Mine Yildiz, Bahar Kuvaki, Ferim Gunenc, Semih Kucukgu-
clu, Sule Ozbilgin, Jale Maral, Seyda Canli, Oguzhan Arun, Ali Saltali, Eyup
Aydogan, Fatma Nur Akgun, Ceren Sanlikarip, Fatma Mine Karaman,
Andriy Mazur, Sergiy Vorotyntsev, Guy Rousseau, Colin Barrett, Lucia
Stancombe, Ben Shelley, Helen Scholes, James Limb, Amir Rafi, Lisa Way-
man, Jill Deane, David Rogerson, John Williams, Susan Yates, Elaine Rogers,
Mark Pulletz, Sarah Moreton, Stephanie Jones, Suresh Venkatesh, Maudrian
Burton, Lucy Brown, Cait Goodall, Matthew Rucklidge, Debbie Fuller, Maria
Nadolski, Sandeep Kusre, Michael Lundberg, Lynn Everett, Helen Nutt, Maka
Zuleika, Peter Carvalho, Deborah Clements, Ben Creagh-Brown, Philip Watt,
Parizade Raymode, Rupert Pearse, Otto Mohr, Ashok Raj, Thais Creary,
Ahmed Chishti, Andrea Bell, Charley Higham, Alistair Cain, Sarah Gibb,
Stephen Mowat, Danielle Franklin, Claire West, Gary Minto, Nicholas Boyd,
Gary Mills, Emily Calton, Rachel Walker, Felicity Mackenzie, Branwen
Ellison, Helen Roberts, Moses Chikungwa, Clare Jackson, Andrew Donovan,
Jayne Foot, Elizabeth Homan, Jane Montgomery, David Portch, Pauline
Mercer, Janet Palmer, Jonathan Paddle, Anna Fouracres, Amanda Datson,
Alyson Andrew, Leanne Welch, Alastair Rose, Sandeep Varma, Karen
Simeson, Mrutyunjaya Rambhatla, Jaysimha Susarla, Sudhakar Marri,
Krishnan Kodaganallur, Ashok Das, Shivarajan Algarsamy, Julie Colley,
Simon Davies, Margaret Szewczyk, Thomas Smith, Ana Fernandez-Busta-
mante, Elizabeth Luzier, Angela Almagro, Marcos Vidal Melo, Luiz Fer-
nando, Demet Sulemanji, Juraj Sprung, Toby Weingarten, Daryl Kor,
Federica Scavonetto, Yeo Tze.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jclinane.2024.111565.

References

[1] Lip GY, Nieuwlaat R, Pisters R, Lane DA, Crijns HJ. Refining clinical risk
stratification for predicting stroke and thromboembolism in atrial fibrillation using
a novel risk factor-based approach: the euro heart survey on atrial fibrillation.
Chest 2010;137:263-72.

[2] D’Agostino Sr RB, Vasan RS, Pencina MJ, Wolf PA, Cobain M, Massaro JM, et al.
General cardiovascular risk profile for use in primary care: the Framingham heart
study. Circulation 2008;117:743-53.

[3] Thakar CV, Arrigain S, Worley S, Yared JP, Paganini EP. A clinical score to predict

acute renal failure after cardiac surgery. J Am Soc Nephrol 2005;16:162-8.

Valodara Sr AM, KJ.. Sexual dimorphism in drug metabolism and

pharmacokinetics. Curr Drug Metab 2019;20:1154-66.

Kittleson MM, Shemin R, Patel JK, Ardehali A, Kawano M, Davis S, et al. Donor-

recipient sex mismatch portends poor 10-year outcomes in a single-center

experience. J Heart Lung Transplant 2011;30:1018-22.

Filipescu D, Stefan M. Sex and gender differences in anesthesia: relevant also for

perioperative safety? Best Pract Res Clin Anaesthesiol 2021;35:141-53.

[7] Cremer PC, Wu Y, Ahmed HM, Pierson LM, Brennan DM, Al-Mallah MH, et al. Use

of sex-specific clinical and exercise risk scores to identify patients at increased risk

for all-cause mortality. JAMA Cardiol 2017;2:15-22.

Leslie K, Kasza J. Sex and gender inclusion, analysis, and reporting in anaesthesia

research. Br J Anaesth 2020;124:e43-9.

[9] Serpa Neto A, Hemmes SN, Barbas CS, Beiderlinden M, Fernandez-Bustamante A,
Futier E, et al. Incidence of mortality and morbidity related to postoperative lung
injury in patients who have undergone abdominal or thoracic surgery: a systematic
review and meta-analysis. Lancet Respir Med 2014;2:1007-15.

[10] Fernandez-Bustamante A, Frendl G, Sprung J, Kor DJ, Subramaniam B, Martinez
Ruiz R, et al. Postoperative pulmonary complications, early mortality, and hospital
stay following noncardiothoracic surgery: a multicenter study by the perioperative
research network Investigators. JAMA Surg 2017;152:157-66.

[11] Loeffelbein DJ, Julinek A, Wolff KD, Kochs E, Haller B, Haseneder R. Perioperative
risk factors for postoperative pulmonary complications after major oral and
maxillofacial surgery with microvascular reconstruction: a retrospective analysis of
648 cases. J Craniomaxillofac Surg 2016;44:952-7.

[12] Jeong BH, Shin B, Eom JS, Yoo H, Song W, Han S, et al. Development of a
prediction rule for estimating postoperative pulmonary complications. PLoS ONE
2014;9:e113656.

[4

=

[5

[}

[6

—

[8

—


https://doi.org/10.1016/j.jclinane.2024.111565
https://doi.org/10.1016/j.jclinane.2024.111565
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0005
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0005
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0005
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0005
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0010
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0010
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0010
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0015
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0015
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0020
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0020
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0025
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0025
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0025
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0030
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0030
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0035
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0035
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0035
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0040
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0040
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0045
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0045
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0045
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0045
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0050
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0050
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0050
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0050
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0055
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0055
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0055
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0055
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0060
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0060
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0060

T.D. Vermeulen et al.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Canet J, Gallart L, Gomar C, Paluzie G, Valles J, Castillo J, et al. Prediction of
postoperative pulmonary complications in a population-based surgical cohort.
Anesthesiology 2010;113:1338-50.

Piccioni F, Spagnesi L, Pelosi P, Bignami E, Guarnieri M, Fumagalli L, et al.
Postoperative pulmonary complications and mortality after major abdominal
surgery. An observational multicenter prospective study. Minerva Anestesiol 2023;
89:964-76.

Jin Y, Xie G, Wang H, Jin L, Li J, Cheng B, et al. Incidence and risk factors of
postoperative pulmonary complications in noncardiac Chinese patients: a
multicenter observational study in university hospitals. Biomed Res Int 2015;2015:
265165.

Scholes RL, Browning L, Sztendur EM, Denehy L. Duration of anaesthesia, type of
surgery, respiratory co-morbidity, predicted VO2max and smoking predict
postoperative pulmonary complications after upper abdominal surgery: an
observational study. Aust J Physiother 2009;55:191-8.

Arozullah AM, Khuri SF, Henderson WG, Daley J. Development and validation of a
multifactorial risk index for predicting postoperative pneumonia after major
noncardiac surgery. Ann Intern Med 2001;135:847-57.

Investigators TLV. Epidemiology, practice of ventilation and outcome for patients
at increased risk of postoperative pulmonary complications: LAS VEGAS - an
observational study in 29 countries. Eur J Anaesthesiol 2017;34:492-507.
Hemmes SN, de Abreu MG, Pelosi P, Schultz MJ. ESA clinical trials network 2012:
LAS VEGAS-local assessment of ventilatory management during general
anaesthesia for surgery and its effects on postoperative pulmonary complications: a
prospective, observational, international, multicentre cohort study. Eur J
Anaesthesiol 2013;30:205-7.

Force ADT, Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND, Caldwell E,
et al. Acute respiratory distress syndrome: the Berlin definition. JAMA 2012;307:
2526-33.

Swart P, Nijbroek S, Paulus F, Neto AS, Schultz MJ. Sex differences in use of low
tidal volume ventilation in COVID-19-insights from the PROVENT-COVID study.
Front Med (Lausanne) 2021;8:780005.

McNicholas BA, Madotto F, Pham T, Rezoagli E, Masterson CH, Horie S, et al.
Demographics, management and outcome of females and males with acute
respiratory distress syndrome in the LUNG SAFE prospective cohort study. Eur
Respir J 2019;54.

Swart P, Deliberato RO, Johnson AEW, Pollard TJ, Bulgarelli L, Pelosi P, et al.
Impact of sex on use of low tidal volume ventilation in invasively ventilated ICU
patients-a mediation analysis using two observational cohorts. PLoS ONE 2021;16:
€0253933.

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Journal of Clinical Anesthesia 99 (2024) 111565

Lellouche F, Dionne S, Simard S, Bussieres J, Dagenais F. High tidal volumes in
mechanically ventilated patients increase organ dysfunction after cardiac surgery.
Anesthesiology 2012;116:1072-82.

Wanderer JP, Ehrenfeld JM, Epstein RH, Kor DJ, Bartz RR, Fernandez-
Bustamante A, et al. Temporal trends and current practice patterns for
intraoperative ventilation at U.S. academic medical centers: a retrospective study.
BMC Anesthesiol 2015;15:40.

Jaber S, Coisel Y, Chanques G, Futier E, Constantin JM, Michelet P, et al.

A multicentre observational study of intra-operative ventilatory management
during general anaesthesia: tidal volumes and relation to body weight. Anaesthesia
2012;67:999-1008.

Bender SP, Paganelli WC, Gerety LP, Tharp WG, Shanks AM, Housey M, et al.
Intraoperative lung-protective ventilation trends and practice patterns: a report
from the multicenter perioperative outcomes group. Anesth Analg 2015;121:
1231-9.

Nijbroek SG, Hol L, Swart P, Hemmes SNT, Serpa Neto A, Binnekade JM, et al. Sex
difference and intra-operative tidal volume: insights from the LAS VEGAS study.
Eur J Anaesthesiol 2021;38:1034-41.

Nijbroek SG, Schultz MJ, Hemmes SNT. Prediction of postoperative pulmonary
complications. Curr Opin Anaesthesiol 2019;32:443-51.

Costa ELV, Slutsky AS, Brochard LJ, Brower R, Serpa-Neto A, Cavalcanti AB, et al.
Ventilatory variables and mechanical power in patients with acute respiratory
distress syndrome. Am J Respir Crit Care Med 2021;204:303-11.

Andersson LE BM, Thorne A, Aspelin P, Odeberg-Wernerman S. Effect of carbon
dioxide pneumoperitoneum on development of atelectasis during anesthesia,
examined by spiral computed tomography. Anesthesiology 2005:293-9.
Suleiman A, Costa E, Santer P, Tartler TM, Wachtendorf LJ, Teja B, et al.
Association between intraoperative tidal volume and postoperative respiratory
complications is dependent on respiratory elastance: a retrospective, multicentre
cohort study. Br J Anaesth 2022;129:263-72.

Abbott TE, Fowler AJ, Pelosi P, Gama de Abreu M, Mgller AM, Canet J, et al.

A systematic review and consensus definitions for standardised end-points in
perioperative medicine: pulmonary complications. Br J Anaesth 2018 [in press].
Glymour MM, Spiegelman D. Evaluating public health interventions: 5. Causal
inference in public Health Research-do sex, race, and biological factors cause
health outcomes? Am J Public Health 2017;107:81-5.

VanderWeele TJ, Hernan MA. Causal effects and natural Laws: towards a
conceptualization of causal counterfactuals for Nonmanipulable exposures, with
application to the effects of race and sex. Causality 2012:101-13.


http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0065
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0065
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0065
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0070
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0070
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0070
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0070
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0075
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0075
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0075
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0075
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0080
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0080
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0080
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0080
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0085
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0085
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0085
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0090
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0090
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0090
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0095
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0095
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0095
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0095
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0095
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0100
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0100
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0100
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0105
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0105
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0105
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0110
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0110
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0110
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0110
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0115
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0115
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0115
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0115
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0120
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0120
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0120
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0125
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0125
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0125
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0125
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0130
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0130
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0130
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0130
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0135
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0135
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0135
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0135
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0140
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0140
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0140
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0145
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0145
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0150
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0150
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0150
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0155
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0155
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0155
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0160
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0160
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0160
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0160
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0165
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0165
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0165
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0170
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0170
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0170
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0175
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0175
http://refhub.elsevier.com/S0952-8180(24)00194-6/rf0175

	Sex dependence of postoperative pulmonary complications – A post hoc unmatched and matched analysis of LAS VEGAS
	1 Introduction
	2 Materials and methods
	2.1 Inclusion and exclusion criteria
	2.2 Data recording and processing
	2.3 Endpoints
	2.4 Definitions
	2.5 Sample size calculation
	2.6 Statistical analysis

	3 Results
	3.1 Incidence of PPCs
	3.2 Hospital LOS and mortality
	3.3 Post hoc power analysis and sensitivity analyses

	4 Discussion
	5 Conclusions
	Authors statement
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


